CYP24A1 is an enzyme that inactivates vitamin D. Loss-of-function mutations in this enzyme are rare but have been linked with idiopathic infantile hypercalcemia as well as adultonset nephrocalcinosis and nephrolithiasis. Genetic testing for this mutation should be considered in the presence of calciuria, elevated serum calcium, elevated 1,25dihydroxyvitamin D, and suppressed parathyroid hormone. We present a case with these lab findings as well as an elevated 25-hydroxyvitamin D/24,25-dihydroxyvitamin D ratio in whom compound heterozygous CYP24A1 mutations were found. His hypercalciuria resolved and 1,25-vitamin D level improved with ketoconazole treatment. We suggest that it is clinically important to identify patients with this phenotype as testing
Background
CYP24A1 is an enzyme that encodes part of the vitamin D 24-hydroxylase enzyme which results in the formation of an inactivated form of vitamin D, 24,25-dihydroxyvitamin D (Fig.  1 ). Homozygous or compound heterozygous loss-of-function mutations in this enzyme can cause an array of clinical presentations caused by increased 1,25-dihydroxyvitamin D, including idiopathic infantile hypercalcemia as well as nephrocalcinosis and nephrolithiasis in children and adults, which can lead to renal insufficiency [1] . This type of mutation, although rare, should be considered in the presence of calciuria, elevated serum calcium (may only be the upper limit of normal), elevated 1,25-dihydroxyvitamin D, and suppressed parathyroid hormone.
Case Report
We present the case of an otherwise healthy 53-year-old Caucasian male with recurrent calcium phosphate apatite kidney stones. He started having stones at age 24 years and during that period had 12 lithotripsy treatments and 1 percutaneous nephrolithotomy. He also had abdominal imaging that demonstrated numerous stones but no nephrocalcinosis. He was found to have significant hypercalciuria at 524 mg/day, elevated 1,25-dihydroxyvitamin D to 88 pg/mL, hypercalcemia to 2.84 mmol/L in the setting of hydrochlorothiazide use, and unremarkable angiotensin-converting enzyme activity level, parathyroid hormone, parathyroid hormone-related peptide, serum protein electrophoresis, and normal chest radiograph done to evaluate for granulomatous disease (Table 1) . His 25-hydroxyvitamin D/24,25dihydroxyvitamin D ratio was 132. This constellation of findings prompted genetic testing which was notable for 2 CYP24A1 mutations. He was started on therapy with ketoconazole utilizing its effect as a cytochrome P450 inhibitor (including 25-hydroxylases and 1αhydroxylase) to decrease production of 1,25-dihydroxyvitamin D (Fig. 1) . He showed response with a decrease in 1,25-dihydroxyvitamin D levels (40 pg/mL from 88 pg/mL) and resolution of hypercalciuria (124 mg/day) (Table 1) within 2 months of therapy. He is getting quarterly evaluation of his liver function tests given the known toxicity with ketoconazole. He did have increasing fatigue and was noted to have a decreased testosterone level and is currently being started in testosterone injections.
Discussion
In this patient, significant hydrochlorothiazide-induced hypercalcemia was an indication of an inability to normally compensate for increased calcium resorption. Also, his 25-hydroxyvitamin D/24,25-dihydroxyvitamin D ratio of 132 (normal <25) indicated that defective 24-hydroxylase enzyme function could be contributing to his pathology [2] . These findings prompted genetic testing to evaluate for CYP24A1 mutation with analysis showing a compound heterozygous mutation leading to a nonfunctional 24-hydroxylase enzyme.
We suggest that it is clinically important to identify patients with this phenotype as testing and treatment options are available which could reduce progression to chronic kidney disease in this population. The population frequency of CYP24A1 mutations is not known and testing is not yet widely available, but utilization of the 25-dihydroxyvitamin D/24,25dihydroxyvitamin D ratio (after ruling out other causes of hypercalcemia) has been shown to be an effective tool to identify patients who are good candidates for genetic testing [3] [4] [5] .
Ketoconazole was an effective treatment in this patient and has been used to treat hypercalcemia related to sarcoidosis and hypercortisolism in Cushing disease, but as it impacts multiple steroidogenic pathways, further study is warranted to evaluate long-term safety in this population [6, 7] . It has been used for up to 2 years in patients with hypercalcemia and sarcoidosis with periodic liver function testing, but, as with this patient, they also suffered from decreased testosterone levels [8] . In addition to treatment targeted at 1,25dihydroxyvitamin D, patients should have bone mineral density testing and receive education regarding limiting the intake of dietary calcium and judicious use of sunscreen [7] . 
